Abstract. We report the results of investigation of the thermopower (Seebeck effect) of a ThCr 2 Si 2 -structured heavy fermion single-crystalline YbPd 2 Si 2 compound (itterbiumpalladium-silicon, 1-2-2) under ultra high pressure P up to 22 GPa. At ambient conditions the thermopower S was found to be negative. Under pressurization S inverted its sign and exhibited a bend near 6 GPa. The compressibility of YbPd 2 Si 2 also showed a bend near 6 GPa corroborating a supposition about phase transformation.
Introduction
Heavy fermion systems -intermetallic compounds on a basis of rare earth and actinide elements attract a steady attention due to unusual properties and rich phase diagrams. They are model systems for investigation of novel physical phenomena, such as unconventional superconductivity, magnetically mediated [1] and of other types [2] .
One of the oldest and promising series of heavy fermion systems is "1-2-2", RM 2 X 2 (R = Ce, Yb, U; M -transition metal, X = Si, Ge). A discovery of a heavy fermion superconductivity in a one of the RM 2 X 2 materials, CeCu 2 Si 2 below T c ~ 0.5 K [1] motivated further investigations of heavy fermion materials, including also synthesis and characterization of new "1-2-2" compounds. Application of high-pressure allows varying the density of materials and thus, changing the intensity configuration of different electronic and magnetic interactions [3] . Owing to very high sensitivity of properties (superconductivity in particular) to quality of samples, the existing experimental data are to some extent contradictory that leads to distinguishing interpretations. Therefore, for understanding of physics of these compounds and also for attribution of found states to certain interactions, a behaviour of each of them seems to be important.
At ambient conditions, a moderate heavy fermion system -YbPd 2 Si 2 (γ = 203 mJ/(mole⋅K 2 ) [4] ) adopts a tetragonal ThCr 2 Si 2 -type structure with a space group I4/mmm [5] (Fig. 1) , that is typical for the RM 2 X 2 family. The lattice parameters of YbPd 2 Si 2 are as following: a = 4.099 Å and b = 9.870 Å [6] . For a number of compounds this lattice was found to be stable against pressure application, for [7] . Recently, a new isostructural transformation concurrent with a volume collapse was discovered in this family on example of CeCu 2 Ge 2 , of which lattice parameters, a and c dropped by ~ 0.7 % at 10 K near 15 GPa [8] .
In the present work we undertook an ultrahigh pressure study of YbPd 2 Si 2 single crystal to 22 GPa in order to probe both a stability of the ambient state and P dependencies of the thermopower. We employed the original automated high-pressure setup designed for registration of phase transformation [9] . The setup permitted simultaneous registration of several parameters of a sample and an environment under almost continuous alteration of pressure during pressurization and decompression [9] . A high efficiency of this setup was proved by a discovery of the new "hidden" semimetal high-pressure phases in ZnTe [10] and GaAs [11] which are "invisible" for the conventional structural techniques.
Experiment
The measurements of the thermopower (Seebeck effect) S under ultra-high quasi-hydrostatic pressure P were performed in a synthetic diamond anvil cell of the Bridgman type [12] . A sample of sizes ~ 200-250 × 200-250 × 20-30 µm 3 was placed in a hole in a gasket from the lithographic stone (soft CaCO 3 -based material) (Fig. 2) . The ratio of the gasket's thickness to the working diameter of the anvils was lower than 0.05, providing a quasi-hydrostatic character of compression. The synthetic diamond anvils were characterised by a high electrical conductivity [12] and were used both as electrical outputs to a sample and a heater-cooler pair (upper anvil was heated) [13] [14] [15] . To account for a possible contribution into S from the anvils themselves, Pb samples (S ≈ -1.27 µV/K) were measured in the same conditions. A sample's contraction was registered by a digital dilatometer attached to the plungers [16, 17] . The single-crystalline samples of YbPd 2 Si 2 were grown by a flux method and were preliminary characterized by a conventional x-ray diffraction technique. Fig. 1 . The body-centred tetragonal crystal structure of I4/mmm space group (ThCr 2 Si 2 structural type) [5] of the majority of RM 2 X 2 compounds (R = Ce, Yb; Mtransition metal, X = Si, Ge).
Fig. 2.
A high-pressure cell with the sintered diamond anvils, developed in the High Pressure Group (IMP) [9] , 1 -a sample; 2 -a gasket; 3 -anvil insets in high-pressure plungers; 4 -supporting hard-alloy matrixes (plungers), usually made of tungsten carbide; 5 -a special harddurable part of a plunger (synthesized together with 3); 6 -supporting rings. A ring-like bulge of the gasket 2 provides a supporting pressure P s (up to 10 GPa) around the tips of the anvils. High quasi-hydrostatic pressure P (from to 30 GPa) is produced in the central part of the gasket around a sample. The arrows show external applied P. 
Results and discussion
The pressure dependencies of the thermopower S(P) of YbPd 2 Si 2 are presented in Fig. 3 . The negative sign of the thermopower at ambient conditions agreed with the data of Ref. [18] reporting the Seebeck coefficients for a number of Yb-based heavy fermion systems, S ~ -(7÷35) µV/K; for YbPd 2 Si 2 Ref.
[6] established S ≈ -18 µV/K. A pressure-driven decrease in S (Fig. 3) was observed in other Ybbased compounds too [19] . This decrease in S was concurrent with a lowering in the electrical resistance (not shown), and thus could be induced by an increase in the electron concentration under pressure (Fig. 3) . Previous studies on YbPd 2 Si 2 [20] reported on a decrease in the electrical resistivity with P. The S(P) curves (Fig. 3) exhibited a bend near 6 and 3 GPa on pressurization and decompression cycles, respectively. Below 1.5 GPa some peculiarity in the S(P) curves was noticed.
The curves of a sample's contraction exhibited the kinks (Fig. 3, inset) indicating a change in the compressibility. So, one can presumably address the feature near 6 GPa to a reversible phase transition concurrent with structural changes. Above this crossover point S became positive (Fig. 3) .
To the present, no structural transitions in the RM 2 X 2 compounds from the ThCr 2 Si 2 lattice to a different one were reported on a P range to 20 GPa and above, for instance, in CeCu 2 Si 2 [21, 7] , in CeCu 2 Ge 2 [22, 7, 8] , in CeNi 2 Ge 2 [7] , and in YbCu 2 Si 2 [23] . Then, a probable explanation of the feature found ( Fig. 3 ) might be a pressure-driven valence transition which may be concurrent with a volume collapse ∆V owing to an abrupt change of ionic radius of Yb [24] (Fig. 1) . In the majority of heavy fermion compounds, a valence of Yb changes between 2+ and 3+ limits. Yb 2+ has a filled 4f shell and thus has no magnetic moment contrary to magnetic Yb 3+ [25] . This circumstance explains both the differences in properties of compounds with Yb 2+ and Yb 3+ ions, and anomalies of properties when the valence is intermediate [26] . A rising of Yb valence indeed had to lead to an increase in the electron concentration resulting in a decrease in S (Fig. 3) .
At ambient conditions an effective valence of Yb in YbPd 2 Si 2 was found to be 2.8 [26] , while application of external pressure can lead it to a trivalent limit. Ref. [25] qualitatively demonstrated an increase in Yb valence under P ~ 4-5 GPa, meanwhile, a trivalent state was not achieved. In other Yb-based compounds, such as YbInCu 4 and YbMn 2 Ge 2 a valence transition under P was also established [27] [28] [29] . A reason why such a potentially small change in Yb valence results in a significant modification of properties might consist, for example, in appearance of magnetic properties in initially non-magnetic material [26] .
Conclusions
By the high-pressure thermopower technique [30, 31] a phase transition in YbPd 2 Si 2 was established near 6 GPa at room temperature. Presumably, this crossover may be addressed to a valence transition which can lead both to a volume collapse effect (∆V) owing to a difference in the ionic radii of Yb 3+ and Yb 2+ ions (Fig. 1 ) [24] , and probably to an appearance of magnetic properties. In the inset, the curves of a relative sample's contraction ∆h (reflect a change in the compressibility) corresponding to these S(P) curves are shown.
